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3 METHODOLOGY 
 
3.1 Chemicals 
 Sodium hydroxide (NaOH), hydrochloric acid (HCl) and methylene blue (MB) were 
purchased from Merck (M) Sdn. Bhd, Malaysia with C.I.52015, purity of 99%, chemical 
formula of C16H18ClN3S and molecular weight of 319.852 g/mol. The maximum wavelength 
of this dye is 668 nm.  
3.1.1 Preparation of Methylene Blue (MB) 
The dyes solution of Methylene Blue was prepared by dissolving specific amounts of 
methylene blue in Milli-Q water to obtain a concentration of 1000 mg/L, and then the solution 
was dilute to various concentrations (50, 100, 200 and 400 mg/L).  
 
Figure 3.1 : Methylene blue (MB) dye 
3.2  Oil Palm Leaves (OPL) 
Oil palm leaves was collected from Pahang oil palm plantations, Malaysia. The oil 
palm leaves were cut into small pieces around 1-2 cm in length. To remove some impurities, 
the samples were soaked in distilled water for one night. Then, the samples were dried in oven 
over 80 
o
C for 24 hour before the samples were crushed and sieved around to 355-600 µm 
particle sizes. Again, the samples were oven-dried at 100 
o
C overnight until the weights were 
constant. Lastly, the samples were stored in a plastic bottle. 
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Figure 3.2 :  Process flow of adsorbent preparation made from oil palm leaves. 
 
3.2.1  Characterization of oil palm leaves  
 Scanning electron microscope (SEM) analysis was carried out in order to study the 
textural structure of the oil palm leaves before and after the adsorption process using 
Scanning Electron Microscopy (SEM, Zeiss Evo 50). Fourier-transform infrared (FTIR, 
Spectrum 100, Perkin Elmer) spectrometer was used to detect the infrared spectra and surface 
functional groups of oil palm leaves in over the range of 4000-400 cm
-1
. 
3.3  Instrumentation  
 The instruments used were oven, pH meter, weight machine, centrifuge, FTIR, SEM 
and UV-vis spectrophotometer. 
3.4  Procedures  
 Adsorption experiments were carried out by adding a fixed dose of OPL (0.1 g) to a 
series of 250 mL conical flasks filled with 200 mL diluted solution of MB dye. The pH was 
adjusted to the desired value with NaOH or HCl solutions. The mixtures were prepared under 
constant stirrings at the room temperature (30 ºC) to reach equilibrium. After that, the 
solutions were centrifuged for 15 minutes at 3500 rpm. Final concentration of dye in the 
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solution was measured at maximum wavelength of the dye solution (668 nm) by a UV/VIS 
spectrophotometer using a1 cm quartz cell. Similar methodology was used for adsorption of 
MB onto Sumac Leaves (Dülger et al., 2013). The amount of adsorption at time t, qt (mg/g), 
was calculated using the following formula: 
V
W
CC
q tt 


)( 0
     (13) 
The dye removal percentage can be calculated as follows: 
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Where qt the amount of dye adsorbed at any time t (mg/g), Co and Ct (mg/L) are the 
liquid phase concentrations of dye at initial and equilibrium, respectively. V is the volume of 
the solution (L), and W is the mass of dry adsorbent used (g).  
The linear forms of the pseudo-first- and -second-order models are expressed as follows: 
  Pseudo-first-order equation: tkInqqqIn ete 1)(   (15)
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Where qe is the amount of dye adsorbed at equilibrium (mg/g), qt the amount of dye 
adsorbed at any time (mg/g), k1 is the rate constant of the pseudo-first-order adsorption (min
-1
) 
, k2 is the rate constant of the pseudo-second-order adsorption (g/mg min).  
 The non-linear regressions of the isotherm models can be represented by the following 
expressions: 
  Langmuir isotherm: 
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Freundlich isotherm: n
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Where Ce is the MB concentration at equilibrium (mg/L), qe is the adsorption capacity 
at equilibrium (mg/g), qm is the maximum adsorption capacity (mg/g), KL is the Langmuir 
constant (L/mg), KF is the Freundlich adsorbent capacity and n is the heterogeneity factor.  
The adsorption enthalpy (∆Ho), entropy (∆So) and Gibbs free energy (∆Go) were 
calculated using the following thermodynamic functions: 
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